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Abstract 
This paper analyze the characteristics of single cylinder SI ICE fueled by LPG. In particular, torque and engine speed were examined with 
using the universal dynamometer in WOT condition under stable condition. In additional the fuel consumption has been measure to 
identify which fuel is more practical for SI ICE. SI engine fueled by LPG has slightly decreased on power output up to 4 % compared to 
ULP. However, engine fueled by LPG reduce on specific fuel consumption (SFC) to 28.38 %. In addition, LPG engine have low energy 
price than ULP engine with difference up to 47.40 %. 
© 2013 The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of the Research Management & Innovation Centre, Universiti Malaysia 
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1. Introduction 
Liquefied petroleum gas (LPG) is by-products of natural gas production and crude oil refineries [1, 9, 26, 28]. LPG refers 
to the propane or butane or the mixtures of propane (C3H8) and butane (C4H10) in same container with specific ratio [1]. 
Propylene and butylenes are usually also present in small concentration. A powerful odorant, Ethyl Mercaptan is added, in 
order to detect leak on the container (tank) or at any connection, it made leaking can be easily detected. It is generally 
accepted that the emission form a LPG powered vehicle are less than those from the unleaded petrol (ULP) fuelled 
equivalent [2, 3, 6-9, 11, 12]. Result from corroborated by Klausmeier and Billick [4] Wu et al. [5] and Newkirk et al.[6] 
presented measured data showing that NOx emission from LPG fuels are lower compared to ULP. One such study by 
Snelgrove et al. [7] state that hydrocarbon (HC) emission were reported as 40% lower, CO as 60% lower and CO2 as 
substantially reduced, principally due to high hydrogen/carbon ratio of LPG when compared to ULP. It is also comparably 
light and cost effective. Ceviz and Yuksel in their study on cyclic variation on LPG and gasoline fuelled lean burn spark 
ignition (SI) engine has state that LPG is more suitable fuel for lean combustion engine compared with ULP [11]. The 
important characteristics of LPG on vehicle are, LPG has higher octane number of about 112 for pure propane, means it 
enables higher compression ratios to be employed and gives more thermal efficiencies [2-8]. Due to gaseous nature of LPG, 
engine operates smoother. Fuel consumption is reducing as compared to ULP and this is due to the high energy content in 
the LPG fuel. Power output is slightly reduced in LPG operation as compared to ULP due to the poor volumetric 
efficiencies effect [2, 3, 8, 18, 22, 28]. There is a several alternative method to improve the performance for the engine 
fueled by LPG due to the losses of volumetric efficiencies. One of these methods can be implementing; increase 
compression ratio (CR) under natural aspirated operation and/or apply turbo charger and/or supercharger [2, 3, 8, 10, 18, 
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27]. Other factor that can decrease power output is due to the spark ignition timing. As the LPG has low flame speed 
compared to ULP, engine ignition timing need to be advanced [3, 8, 11, 19]. LPG system on vehicle requires more safety 
because LPG is the gaseous fuel as it physical condition in atmospheric pressure and temperature. Engine that fueled by 
LPG most likely to have good durability and good cold start performance [3, 18]. Hence liquefied petroleum gas is a 
versatile form of energy that can be used for many areas. Unlike other conventional fossil fuels, LPG is a cleaner fuel and 
therefore less harmful to the environment it also good in performance compared to the fuel price. The production, 
transportation, and usage of the LPG are much less complicated when compared to the other fossil fuel [9]. World reserves 
of LPG are largely untapped unlike crude oil from where ULP is processed from. Moreover, contrary to some who worry 
about the gas exploding, LPG and its systems are one of the safest fuels in use. This is so due to well established safety 
regulations and standards developed after a very long history of its application albeit not in the automotive industry but in 
domestic human life [1, 9, 20]. Even it is already established technology for automotive use, but the high cost of conversion 
usually restricts their use to high-mileage fleet vehicles, or high-usage vehicles such as fork-lift trucks. LPG fuel that used 
in this research is the mix between butane and propane that has common properties. LPG fuel system in this research was 
used component that namely LPG capsule valve. The LPG capsule valve is the devices that control the amount of fuel to 
feed into combustion chamber. This research generally focused on performance of small scale petrol engine fueled by LPG. 
In addition, this paper presents the experimental test results of one particular engine model Industrial Plus 3.5 horsepower 
cm3 air cooled single cylinder four stroke petrol engine with external carburetion from Briggs & Stratton. 
2. Experimental Setup 
Experiment was carried out on a single cylinder four stroke spark ignition engine 148 cm3 supplied by Briggs & Stratton 
with external carburetion. Error! Reference source not found. tabulates the test engine specification. Engine carburetor in 
this experiment has been replacing with variable ventury piston carburetor type. The new carburetor attach is manufacture 
by KEIHIN Japan model number PB18. 
 
Table 1. Test Engine Specification 
 
Criteria Description 
Type Four-stroke, air cooled, spark ignition, single cylinder. 
Displacement 148 cm3 
Compression ratio 6.3 : 1 
Bore x stroke 65.1 mm x 44.4 mm 
Lubrication system Forced lubrication wet 
Cooling system Air cooled  
Ignition system Magneto to CDI 
 
Before installing the engine with the LPG fuel system and other measurement devices, engine was undergoing the 
servicing process. Engine servicing process was related to the basic servicing method where the process, action, and the part 
name are listed in Error! Reference source not found.. In this experiment, a LPG capsule valve as shown in Figure 2, 
forms part of the component in the LPG fuel system. Many such components was been tested for LPG fuel system until the 
final one has been adopted. Fig. 1 shows the layout of the overall engine performance measurement applied in this paper. 
 
Table 2. Component Service Action 
 
Component Action Part name and brand 
Lubrication oil Change Castrol Race lubrication oil 4T 20W-40 
Spark plug Change NGK 
Air filter Change GUNT HAMBURG 
Engine carburetor Change PB18  
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Error! Reference source not found. listing the apparatus involve for this research while Error! Reference source not 
found. listing the specification of the fuel tested in this experiment. ULP fuel was supply by Shell Malaysia and LPG fuel 
was supply by GAS Malaysia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1.  Experimental layout. 
 
 
Table 3. Experimental Apparatus 
 
Measurement parameter Apparatus Brand and manufacture 
Speed, torque, and load Universal dynamometer Module GUNT Hamburg HM 365 
Temperature Thermocouple type K and PICO USB TC-08 data logger PICO Technology 
Fuel consumption 
LPG Tensometric balance GZII-(B)60K(C)Ex  ViBRA Japan 
ULP Volume meter - 
 
 
Table 4. Specification of Test Fuel 
 
Properties Unit Fuel LPG ULP RON 95 
Density @ 15°C kg/m3 560 752 
Odour - Ethyl Mercaptan Hydrocarbon 
Vapour pressure kPa 380-830 700 
Boiling point °C -44.5 25 
Flash point °C -104 -40 
Auto ignition °C 501 250 
Composition % Butane 60 - Propane 40 - 
3. Experimental procedures 
Engine was tested on control environment to minimize correction factor. The engine was tested on the CT 159 test stand 
and data was obtained under stabilized operating conditions with adequate fresh air supply to engine. Temperature of the 
inlet air to the engine was measured within 0.15 m upstream of air inlet ductwork. No data were record until speeds were 
maintained constant for eight minute. Test engine were analyze for wide-open throttle (WOT) at wide range of loads from 
0% to 100%. This experiment was registered into three modes. First mode was registered for engine with ULP fuel system 
(ULP mode), second mode was registered for engine with LPG vaporizer (LPG V mode), and third mode was engine with 
LPG capsule valve (LPG B mode) system. On the LPG B mode, cylinder inside the LPG capsule valve is using the hole of 
0.5 mm in diameter. Engine load variation was realized with the help of the HM 365 load unit to measure the torque output 
and engine power was calculate from torque and engine speed data. Engine fuel consumption was measured using CT 159 
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test stand equipped with fuel volume meter for ULP and for LPG fuel tensometric balance was used.  
Test engine was mounted to the CT 159 test stand and the V-belt was used to deliver power output from the engine 
through 125 mm in diameter pulley to the HM365 load unit where it have same diameter pulley. Before run the engine on 
LPG fuel, ULP fuel need to be drain out from the carburetor to avoid mixing between three different medium which is ULP, 
LPG, and air into the combustion chamber. 
The experimental engine setups are shows in Fig. 2. Engine is started and warm up at idling condition for eight minutes. 
Test condition such as inlet air temperature was selected as near to reference conditions as possible in order to minimize 
correction factor. No data were record until speeds were maintained constant for eight minute. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Experimental engine setup on the test bed. 
Huge fan was arranged in test room which supply forced air on engine for cooling purpose. Engine was run at WOT with 
variable load conditions and performance data was obtained under stabilized operating conditions with adequate fresh air 
supply to engine. Different parameters like torque, speed, and fuel consumption were recorded after the engines speed were 
maintained constant for two minute. All measurements were made for all three modes for the engine speed range from 1800 
rpm to 3200 rpm. All tests completed on the CT 150 148 cm3 engine for all three mode test series with ignition spark timing 
remain same for all mode test series. 
Result presented in this paper is related to the engine power, SFC, and energy price at the data from the engine peak 
torque, which was detected at 2600 rpm. 
4. Result and Discussion 
4.1. Engine Power 
It is clearly plotted on Figure 4 that engine fueled by LPG slightly suffer on power produced compared to engine fueled 
by ULP, this because the engine is designed to operate on ULP, more power is obtained when ULP is applied [18]. Power 
-cylinder mixture mass and of 
course type of fuel used. Therefore, volumetric efficiency plays one of the most important roles when dealing with 
difference properties of fuel with same engine compared to the other engine parameters. 
As the ULP is the liquid fuel, therefore it enters to the combustion chamber as vapor, there will be an increase in intake 
mixture density and consequently in volumetric efficiency and it act as the cooling agent to the engine. Unlike the gaseous 
fuels like LPG, which are vapor in ambient temperature, not only have no cooling effect, but also be a factor in decreasing 
the volumetric efficiency, due to larger volume of fuel in inlet mixture [3, 8, 11, 18].  
Power produced from LPG V and LPG B mode is less than ULP mode by 3.00 % and 4.00 % respectively at 2600 rpm. 
Power produced from LPG B mode is less than LPG V mode by 1.03 % at 2600 rpm. 
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Fig. 3. Engine power output at 2600 rpm. 
This difference result between LPG mode and ULP mode is affect from the fuel properties itself, where density of the 
ULP is higher than ULP. Fuel like ULP has the high lantern heat of vaporization so the small percentage of the high 
molecular weight components may not vaporize. The un-vaporized fuels end up on the cylinder wall, where it gets by the 
piston ring and dilutes the lubrication oil in the crankcase [18]. During the compression stroke, mixture of LPG air-fuel 
mixture is easily passing through the piston ring gap and this will reduce the quantity of air-fuel mixture to combust. 
However, this phenomenon is not critical compared when the mixture of ULP fuel-air is passing through the piston ring, 
where it will reduce the viscosity of the lubrication oil and definitely, engine is exposing to the serious friction. In order to 
control wear and tear of the engine, change the engine oil and engine oil filter regularly and it is definitely costly.  
LPG fuels have a higher octane number than ULP, so engine compression ratio could be higher if the engine was 
dedicated to LPG fuels [18], and therefore engine performance could be improved. As the technology keep moving forward, 
some of these alternatives can be considered to implement in order to overcome this power lost; apply turbo charger and/or 
apply supercharger and/or increase the compression ratio under naturally aspirated operation [2, 3, 8, 10, 18, 27] and/or 
apply variable valve train and/or cooling the intake runner (intake manifold) and/or apply variable induction tract length 
[20] and/or apply liquid injection in the LPG fuel system [23-24]. 
Standard ignition timing and low flame speed of LPG also contribute to the power loss [3, 8, 11, and 19] so the ignition 
timing need to be advance. In excessively advanced the ignition timing for engine fueled by LPG, combustion starts earlier 
with respect to TDC and there is a greater amount of negative work done on the piston before TDC compared to ULP [30]. 
Excessively retract the ignition timing mean that ignition is delayed with respect to TDC and absolutely less power produce 
occur due to the loss of compression during explosion.  
Valve train technology like VVT can be implementing on the engine fueled by LPG where it can improve the volumetric 
efficiency [22]. Switching the cam profile during the engine operation on specific condition can help to improve power for 
the LPG engine. 
4.2. Specific Fuel Consumptions 
Specific Fuel Consumption (SFC) is the scale to measure the efficiency or economy of the fuel to the ICE. In this 
experiment, density of the fuel used is 752 kg/m3 and 560 kg/m3 for ULP and LPG respectively. Engine fueled by LPG has 
less SFC compare to ULP. SFC at 2600 rpm is shown on Figure 6. SFC from LPG V and LPG B mode is less than ULP 
mode by 8.78 % and 28.38 % respectively at 2600 rpm. SFC from LPG B mode is less than LPG V mode by 23.33 % 
respectively at 2600 rpm. 
 
 
 
 
 
 
 
 
 
Fig. 4. Engine Specific Fuel Consumption at 2600 rpm. 
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From the graph of SFC, generally engine fueled by LPG is more efficient compared to engine fueled by ULP. This 
phenomenon occur because of the dissimilar properties of the fuel itself,  where LPG has a higher heating value and higher 
stoichiometric air-fuel ratio compared to ULP, so high specified amount of heat can be released with less amount of fuel 
[11, 28]. Engine fueled by LPG seem like to use less fuel compared to engine the run on ULP in order to produce same 
torque because of the energy content per unit weight of the LPG is more higher than ULP. 
On the other aspect is the engine compression ratio (CR) is inversely proportional to SFC due to the higher thermal 
efficiency which means it will yields lower SFC due to the high CR. High CR is desirable because it can allow the engine to 
produce more mechanical energy from the given quantity of air fuel mixture. Too high CR will however make petrol 
engines subject to engine knocking if lower octane-rated (RON) fuel is used. However, LPG has the high RON number 
compared to ULP fuel that available in Malaysia event it just for a cooking gas. Thus, engine that use LPG as a fuel can 
have good SFC through the modification on the engine itself. From this analysis, it is clearly determine that LPG fuel is 
more practical for SI ICE. In order to have the full benefit from applying the LPG to the ICE, engine need to be design to 
run solely on LPG or some performance parameter need to be sacrifice for engine if the interest is to have bi-fuel system. 
4.3. Energy Price 
This section is analyzed the energy price for each mode of the experiment. To determine the effective of the fuel, data 
from SFC at 2600 rpm was used. This analysis is used price for ULP RON 95 and LPG fuel on January 2011. Fuel price per 
liter for ULP RON 95 and LPG is RM 1.90 and RM 1.06 respectively. To enable the comparison with SFC, it is converted 
into price per kg (RM/kg). As it is converted into price per kg, it became RM 2.53 (ULP RON 95) and RM 1.90 (LPG). The 
SFC is multiplied by price per kg to determine the energy price. Energy price for each mode at engine peak torque (2600 
rpm) is shown in Figure 6. Generally, ULP have the higher energy price compared to the LPG, however LPG V mode have 
the highest energy price than LPG B mode. Energy price for LPG V and LPG B mode is less than ULP mode by 31.38 % 
and 47.40 % respectively. Energy price for LPG B mode is less than LPG V mode by 23.3 %. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.  Engine Energy Price at 2600 rpm. 
Engine fueled by LPG is more efficient compared to engine fueled by ULP. Engine fueled by ULP use more fuel to 
generate same energy compared to LPG engine because of the energy content per unit weight of the LPG is more higher 
than ULP. In addition, SFC does really affect the energy price, as the relationship is directly proportional. Figure 7 showed 
the relationship between SFC and energy price. Energy price increased as the SFC increase. 
 
 
 
Fig. 6. Relation between SFC and Energy price. 
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5. Conclusion 
The performances of a single cylinder four-stroke small-scale engine fueled by LPG have been experimentally 
evaluated. LPG that was investigated in this paper has a common property that contributes to the some advantages and 
disadvantages relative to the conventional liquid fuels which is ULP. Application of LPG in petrol engine generally suffers 
a slight power output reduction, due to the lower volumetric efficiencies and unaltered ignition timing of the engine. 
However, engine fueled by LPG consume less fuel to generate same power as engine fueled by ULP. In addition, engine 
fueled by LPG has better energy price as compared to the conventional fuel, which is ULP. In order to experience high 
performance, engine should be design to run solely on LPG and to get the benefit from using bi-fuel system for ICE, some 
performance parameter need to be sacrifice. 
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